genetic tree relating the present day species to the target ancestral species can affect the accuracy obtainable in reconstruction of the target ancestral character states. Simulations show that a star-like phylogeny, i.e. a rapid radiation of many different lineages from a common target ancestor, such as occured in the radiation of placental mammals, allows the ancestral character states of that target ancestor to be more accurately reconstructed than those of more recent ancestors in parts of the tree where speciation events are more regularly spaced (Blanchette, et al., 2004) . More generally, it has been claimed that the star phylogeny always "represents the best case for ancestral character state reconstruction, because each observation is conditionally independent and yields maximum information about the ancestor" (Schultz, et al., 1996) , see also (Schultz & Churchill, 1999 ). Here we show that the actual situation is more complex and depends on the branch lengths. This complexity occurs even for the simplest evolutionary model with only one parameter: the Poisson model (known also as the Neyman r-state model, generalized Jukes-Cantor model, and the Potts model), where the parameter determines the rate of substitution and all substitutions are equally likely.
Consider the tree topology shown in Figure 1 , where A represents the common ancestor of 3 present day species, designated by C 1 , C 2 , and C 3 . B 2 represents the common ancestor of C 2 and C 3 while B 1 represents the ancestor of C 1 at the same moment in evolutionary time as B 2 . This tree contains a subtree with the simplest star topology, the two-leaf subtree shown in bold in figure  1b , and it also contains a subtree with the simplest non-star topology, the "Y topology" shown in figure 1c. The question is: which of these two topologies (b or c) is better for reconstructing the ancestral character at A? To make this more concrete, suppose each character takes a value in the 20-letter alphabet of amino acids. You want to learn about the ancestral character A, which has a discrete uniform marginal distribution. Imagine that your budget only allows you to determine two of the three characters C 1 , C 2 and C 3 of the contemporary species. Which two should you choose? The information present about a variable X from related variables Y and Z is given by the mutual information I(X; Y, Z) (Cover & Thomas, 1991) . The higher the mutual information, the more reconstructible is X from Y and Z. Since C 2 and C 3 are interchangeable, our problem thus reduces to the question of which is the larger mutual information, I(A; C 1 , C 3 ) or I(A; C 2 , C 3 ). For short branches I(A; C 1 , C 3 ) is higher, as claimed in (Schultz, et al., 1996; Schultz & Churchill, 1999) and has been observed in simulations (Blanchette et al. 2004) . That is, you would prefer a subtopology that is a two-branch star, where the species you observe share no common ancestor except A (Figure 1b) . As a concrete example, suppose A is drawn uniformly from the set of all 20 amino acids and the conservation probability is .75 for each branch of the tree (i.e. from A to B 1 or B 2 , from B 1 to C 1 , or from B 2 to C 2 or C 3 ). This corresponds to about .29 expected substitutions per site (for each branch). Under these conditions I(A; C 1 , C 3 ) = 2.419 but I(A; C 2 , C 3 ) = 1.949. This is intuitive, because these species give independent evidence about the ancestral character (they are conditionally independent given the ancestor A). But in a long branch setting with a much lower conservation probability, I(A; C 2 , C 3 ) is higher. For example, if the conservation probability is .15 (expected number of substitutions ≈ 2.139) , we have I(A; C 1 , C 3 ) = .003162 but I(A; C 2 , C 3 ) = .003215. Thus, somewhat nonintuitively, for reconstruction of the ancestral character in a long branch setting it is better to have a Y-topology, where there is an intermediate common ancestor, such as in Figure 1c . In this case the observed characters are conditionally dependent given the ancestral character A. This effect remains if a fourth (conditionally) independent species branching from A is allowed (Figure 2 ) and we are allowed to choose 3 of the 4 species. Using the same parameters (conservation probability = .15), we get I(A; C 1 , C 2 , C 3 ) = .004796 and I(A; C 1 , C 2 , C 4 ) = .004743. This shows that even in cases where the target ancestor for reconstruction is the last common ancestor of all observed present day species, the star topology is not always best.
These results contrast with those of the case of binary characters. There it has been proven that the star topology is always best for reconstruction of the ancestoral character state for a tree with any number of leaves under the generalized Jukes-Cantor model (Evans, et al., 2000) (Theorem 6.1), validating the claim of (Schultz, et al., 1996; Schultz & Churchill, 1999) for this case. The counterexamples we give here show that there is a fundamental difference in the behavior of this problem when there are 2 states versus when there are many.
Phenomena which are quite similar (and mathematically deeper) to the results in this paper have been demonstrated in the mathematical literature re-garding probability on trees. The asymptotic analysis of the Poisson model in (Mossel, 2001) and (Mossel & Peres, 2003) (there referred to as the Potts model) demonstrates that there exist non-star topologies which have strictly positive information about the roots at the leaves (asymptotically), while the corresponding star topology would have information approaching zero. A thorough understanding of this result makes the results described in this paper somewhat less surprising. It should also be noted that similar phenomenon can occur with a binary state space if the model is asymmetric. This is suggested by the results in (Mossel, 2001) . Furthermore, Mossel (2001) demonstrates another example where (in the language of this paper) I(A; C 1 , C 2 , C 4 ) = I(A; C 1 , C 2 ) = 0 yet I(A; C 2 , C 3 ) > 0. However, the model used there is unlikely to be biologically meaningful as it involves a transition matrix that does not correspond to a continuous or reversible markov process
Biologists may be interested in computing the information some subset of species has about the root of a tree, given some probability distribution on the tree. The typical model specification is given by a marginal distribution of the root of a tree and a conditional distribution for each node given its parent. While computing the information is theoretically quite straightforward, it effectively requires evaluating the joint probability of every state configuration of the root and the leaves. In a general n-state model on an arbitrary tree with k leaves this requires n (k+1) evaluations of the joint probability function. Symmetry in the model and/or the tree can often make this fairly simple. For example, for the Poisson model with a star topology with k leaves, the joint probability of a particular configuration depends only on how many leaves are the same as the root, so only k + 1 different probabilities need be computed. It should also be noted that, in the typical model specification, computing a joint probability of the root and leaves requires taking a sum over the internal nodes of the tree. Doing this with efficient methods contributes an additional factor of cn 2 (or just cn if the tree has only two levels) where c is the number of internal nodes to the computational complexity. So, in general, computing the mutual information in these scenarios can become computationally infeasible unless there is a great deal of symmetry. For this reason, theoretical results which shed light on optimal choices can be of great practical value.
